All types of cells of eukaryotic organisms produce and release small nanovesicles into their extracellular environment. Early studies have described these vesicles as 'garbage bags' only to remove obsolete cellular molecules. Valadi and colleagues, in 2007, were the first to discover the capability of circulating extracellular vesicles (EVs) to horizontally transfer functioning gene information between cells. These extracellular vesicles express components responsible for angiogenesis promotion, stromal remodeling, chemoresistance, genetic exchange, and signaling pathway activation through growth factor/receptor transfer. EVs represent an important mode of intercellular communication by serving as vehicles for transfer between cells of membrane and cytosolic proteins, lipids, signaling proteins, and RNAs. They contribute to physiology and pathology, and they have a myriad of potential clinical applications in health and disease. Moreover, vesicles can pass the blood-brain barrier and may perhaps even be considered as naturally occurring liposomes. These cell-derived EVs not only represent a central mediator of the disease microenvironment, but their presence in the peripheral circulation may serve as a surrogate for disease biopsies, enabling real-time diagnosis and disease monitoring. In this review, we'll be addressing the characteristics of different types of extracellular EVs, as well as their clinical relevance and potential as diagnostic markers, and also define therapeutic options.
Introduction
Transfer of genetic information between cells had been proposed through only two mechanisms: vertical gene transfer, from parent to the next generation, and horizontal gene transfer, induced through bacteriophages [1] or viruses [2] . Recently, another mechanism of horizontal gene transfer has emerged -namely, naturally occurring cell-derived vesicles such as exosomes and microvesicles. Extracellular vesicles (EVs) are produced constitutively by most, if not all, cell types and, interestingly, contain both, mRNAs and noncoding RNAs such as small regulatory microRNAs (miRNAs) as well as proteins that can be functionally delivered between different cell types and across species [3] . As a result, such vesicles have a significant impact on physiological processes. However, this natural ability of exosomes and microvesicles to transfer genetic information might instead facilitate the spread of disease through the delivery of genetic material and/or pathogenic proteins [4] .
EVs are spherical particles enclosed by a phospholipid bilayer. The diameter of vesicles typically ranges from 30 nm to 1 µm [5] , the smallest being some 100-fold smaller than the smallest cells. Extracellular vesicles (EVs), or more accurately nanoparticles, is a term used for vesicles that are released from the plasma membrane under basal conditions or during cell stress [6] . The peripheral blood of healthy individuals has been observed to contain ∼1010/ml of blood [7, 8] .
Exosomes are the only vesicles of endocytic origin from inward budding of cell membranes [i.e. multivesicular endosomes (MVEs) [9] ]; these vesicles directly fuse with the inner surface of the plasma membrane and release exosomes into the extracellular space [10] , whereas microvesicles are shed by direct budding from the plasma membrane to the extracellular space. Confusions exist in the literature on the origin and nomenclature of EVs because vesicles with the size of exosomes that bud at the plasma membrane have also been called exosomes [11] . It should be noted that most studies have not clearly defined the origin of EVs under study; therefore, we will mostly refer to EVs rather than MVs or exosomes. A major ongoing challenge is to establish methods that will allow one to discriminate between exosomes and MVs. Differences in properties such as size, morphology, buoyant density, and protein composition seem insufficient for a clear distinction [12] .
The main characteristics of extracellular vesicles

Types of extracellular vesicles
Two common types were distinguished [exosomes and microvesicles (also called shedding vesicles, shedding microvesicles, or nanoparticles)]. A third type, apoptotic vesicles (also called apoptotic blebs or apoptotic bodies), has become a separate class [13] . In addition, 'ectosomes', 'membrane particles', and 'exosome-like 
The molecular composition of extracellular vesicles
As a consequence of their origin, exosomes from different cell types contain endosome-associated proteins (e.g. Rab GTPase, SNAREs, Annexins, Flotillin, Alix, Tsg101, and Tetraspanins), a family of more than 30 proteins that are composed of four transmembrane domains such as CD63, CD81, CD82, CD53, CD9, and CD37 [15] [16] [17] . EVs are also enriched in proteins that associate with lipid rafts, including glycosylphosphatidylinositol-anchored proteins and flotillin [18] . In comparison with the plasma membrane, exosomes from a variety of cells [19] are highly enriched in cholesterol, sphingomyelin, and hexosylceramides at the expense of phosphatidyl-choline and phosphatidylethanolamine. The fatty acids in exosomes are mostly saturated or monounsaturated. However, MVs are generated by direct budding of the cell membrane, with a size ranging from 50 to 1000 nm, and express surface markers such as integrin-β, CD40 ligand, and selectins such as plasma selectins and surface protein receptors that characterize the membrane composition of their cells of origin [20] .
A major breakthrough was the demonstration that the cargo of EVs included both mRNA and miRNA and that EVs-associated mRNAs could be translated into proteins by target cells [21] . Recently, analysis of RNA from EVs demonstrated that, in addition to mRNA and miRNA, EVs also contain a large variety of other small noncoding RNA species, including RNA transcripts overlapping with protein coding regions, repeat sequences, structural RNAs, tRNA fragments, vault RNA, Y RNA, piwi RNA (piRNAs), and small interfering RNAs (siRNAs) [22] . Many RNAs that were isolated with EVs were found to be enriched relative to the RNA profiles of the originating cells [23] , indicating that RNA molecules are selectively incorporated into EVs [9] . The miRNAs, which are known to regulate more than 80% of all protein-encoding genes and the long noncoding RNA (implicated in the regulation of the epigenome), may induce changes in the cell phenotype. It is therefore conceivable that, under physiologic conditions, EVs may play a critical role in the signaling mechanisms for essential cellular and biological functions [24] .
The database ExoCarta (http://www.exocarta.org) catalogs proteins, lipids, and RNA that have been identified in EVs from different sources. Currently, ExoCarta lists entries for 13 333 proteins, 2375 mRNAs, 764 miRNA, and 194 lipids associated with EVs [25] .
Biogenesis and release of extracellular vesicles
After nascent polypeptides are translated in the ribosomes, polypeptides fold into its characteristic and functional three-dimensional structure in the endoplasmic reticulum [26] . Only properly folded proteins are then transported from the rough endoplasmic reticulum to the Golgi apparatus. Correction of folding of the newly formed proteins is made possible by several endoplasmic reticulum chaperone proteins where glucose, calcium, and redox buffers are required for successful protein folding [3] . It is important here to mention that chaperones are not present when the macromolecules perform their normal biological functions and have correctly completed the processes of folding and/or assembly [27] . Malfolded proteins are sent back to the cytosol in transient complexes that prevents the protein from further transit and secretion through the endosomal pathway ( Fig. 1) [28, 29] .
The mechanism of formation of exosomes is mediated through the endosomal pathway, including endocytic vesicles, early endosomes, and late endosomes, also known as multivesicular bodies, and lysosomes [30] . The pathway of MVEs that are prone to fuse with lysosomes and predestined for lysosomal degradation differs from the pathway of secretory MVEs predestined to become secreted as exosomes: endosomal sorting complex responsible
At the 'donor cell': release of microvesicles (MVs) and exosomes. MVs bud directly from the plasma membrane, whereas exosomes are represented by small vesicles of different sizes that are formed as the intraluminal vesicle by budding into early endosomes and multivesicular eendosomes (MVEs) and are released by fusion of MVEs with the plasma membrane. At the 'recipient cell': pathways shown to participate in extracellular vesicle uptake by target cells. for transport (ESCRT)-dependent and ESCRTnondependent pathways. The ESCRT comprises four multiprotein complexes assembled within the MVEs: (ESCRT)-0, -I, -II, and -III, with associate accessory proteins (e.g. Alix and VPS4). The ESCRT-0, -I, and -II complexes recognize and sequester ubiquitinated membrane proteins at the endosomal membrane, whereas the ESCRT-III complex is responsible for membrane budding and actual scission of intraluminal vesicles [31] [32] [33] . An alternative pathway, independent of the ESCRT machinery, has also been described, and it includes the ceramide and sphingolipid pathway, in which the enzyme sphingomyelinase-2 (nSMase2) is involved in mediation of exosomal release [34, 35] .
The external membrane of the multivesicular bodies fuses with the plasma membrane of the cell, resulting in release of their segregated vesicles to the extracellular space. The release of large biomolecules through the plasma membrane can occur through the process of exocytosis, which has regulatory and signaling functions. Exocytosis can be either constitutive (non-calciumdependent) or regulated (calcium-dependent) [36] . Constitutive exocytosis occurs in all cells and serves to secrete extracellular matrix components or incorporate newly synthesized proteins into the plasma membrane following fusion with the transported vesicles.
Disturbances in redox regulation, calcium regulation, glucose deprivation, and viral infection [37] or the overexpression of proteins [38] can lead to endoplasmic reticulum stress, a state in which the folding of proteins slows down. Further increase in unfolded proteins leads to unfolded protein response, which aims at restoring normal function of the cell by halting protein translation, degrading misfolded proteins, and activating the signaling pathways that lead to increasing the production of molecular chaperones involved in protein folding. If these objectives are not achieved within a certain lapse of time or the disruption is prolonged, the unfolded protein response aims toward activation of apoptosis (e.g. p53 pathway). This finding supports the notion that, cell stress, with or without apoptosis, can increase the production of exosomes [39, 40] .
Mechanisms of action of extracellular vesicles at the target cells
The ability of EVs to interact with recipient cells by fusion of their membranes and/or delivering their contents of proteins, lipids, and RNAs, is still not fully understood [35] .
Various mechanisms for EV uptake have been proposed, including clathrin-mediated endocytosis, caveolin-dependent endocytosis, phagocytosis, macropinocytosis, and plasma or endosomal membrane fusion [41] . Regardless of the mechanisms, interaction between EVs and recipient cell membrane may include (i) ligand/receptor binding, (ii) fusion, (iii) internalization of their content, or a combination of these [15] . Cell-type-specific adhesion molecules of EVs can interact with specific cells and deliver their 'cargoes', including bioactive lipids, cytokines, growth factors, receptors, and genetic materials [16, 17, 42] . EVs may directly activate the recipient cell by acting as signaling complexes [42, 43] .
When endocytosed, EVs may subsequently fuse with the endosomal delimiting membrane targeted to lysosomes for degradation or release of their functionally active mRNA and miRNA load inside the recipient cell. Messenger RNA (mRNA) can be translated in the recipient cells through rRNA, ensuing in the activation of intracellular pathways, whereas miRNAs, siRNA, and piRNA are known to regulate more than 80% of all proteinencoding genes through gene silencing effect [each miRNA can silence hundreds of protein-encoding genes (mRNA)] [37, 44] . Long noncoding RNA incorporated in the epigenome (i.e. implicated in the regulation of the epigenome) may induce changes in the cell phenotype and hence alter the cell products [17, 45] .
Functions of extracellular vesicles
It has become evident that EVs are important mediators of intercellular communication, being involved in the transmission of biological signals between cells to regulate a diverse range of biological processes. The mechanisms of these effects include transfer/activation of signaling protein receptors or intercellular exchange of proteins and RNAs, which are both recruited to induce phenotypic modulation in the target cells [43, 46] . EVs have since been demonstrated to be released by a variety of cells of the immune system, including dendritic cells, macrophages, B cells, T cells, and NK cells. These EVs have been demonstrated to be key mediators/regulators of normal immune responses [47] . For example, one can view tumors as a 'cyber-terrorist' using these EVs to elicit aberrant immune regulation [48] . In addition, pathophysiological roles for EVs are beginning to be recognized in diseases including cancer, infectious diseases, neurodegenerative disorders, etc., highlighting potential novel targets for therapeutic intervention. Moreover, both unmodified and engineered EVs are likely to have applications in macromolecular drug delivery [49] .
Extracellular vesicles as immunesuppressants
By transporting ligands and receptors, exosomes can orchestrate cell growth and development, and modulate the immune system. Activated T cells and peripheral blood mononuclear cells release vesicles exposing Fas ligand (FasL), a death receptor ligand, which may have immune regulatory function [50] . During the first trimester of normal pregnancy, trophoblast cells release exosomes exposing FasL, which are capable of inducing Fas-mediated T-cell death, suggesting that exosomes contribute to this immune privilege [51, 52] . Immature or suppressive dendriticcells (DCs) reduce adaptive immune activation by inducing T-cell apoptosis and promoting a tolerogenic immune response as seen in murine models of transplantation and autoimmune diseases. Suppressive exosomes may also influence the balance between proinflammatory and anti-inflammatory effector T cells inducing T helper Th17/Th1 cells to differentiate into Th2 and Foxp3+regulatory T cells [53] .
Extracellular vesicles as immune stimulants
EVs are used by cells not only to suppress the immune system but also to present antigens, stimulating the immune reaction. Human intestinal epithelial cells release exosomes exposing MHC class I and MHC class II molecules at both the apical and basolateral sides, suggesting a possible involvement of exosomes in the transcellular transport of antigens from the lumen of the gut to immune cells [54, 55] . The initiation of T-cell-mediated antitumor immune responses requires uptake, processing, and presentation of tumor antigens by DCs. Exosomes from mouse tumor cells transfer tumor antigens to dendriticcells (DCs) in vivo [56] . Exosomes exposing MHC class II antigen complexes are secreted from antigen-loaded DCs when these cells contact antigen-specific CD4 T cells. This secretion is preceded by accumulation of intraluminal vesicles exposing both MHC class II and CD9 in MVEs [57] . Mature dendritic cells also secrete exosomes showing functional peptide-bearing MHC class I and II molecules on their membranes that can directly bind to T-cell receptors and activate CD4+ or CD8+ T cells, inducing an adaptive immune response [58] .
Other clinically relevant functions of extracellular vesicles
Role of EVs in inflammation: cell-derived vesicles from stressed cells can trigger the production of proinflammatory cytokines by activating targeted cells independent of the presence or absence of previous infections. This activation results in expression and production of tissue factors and interleukins [59] .
The elegant experiment of Deng et al. [60] shows that EVs derived from adipose tissue when intravenously injected into wild-type C57BL/6 mice resulted in the development of insulin resistance, whereas the insulin resistance was not marked on injection into TLR-4 knockout B6 mice because of the effect of increased levels of TNF-α and IL-6. On the basis of this experiment, the gradual progressive dissemination of insulin resistance throughout the body may be attributed, at least in part, to EVs released from inflamed adipose tissues, which may open the gate for a new modality of treatment for insulin resistance type 2 diabetic patients [61] .
The ability of EVs to modulate the inflammatory response is not limited to blood. Autologous EVs from synovial fluid and EVs from T cells, monocytes, and platelets trigger the production and release of interleukins 6 and 8, matrix metalloproteases, monocyte chemotactic proteins 1 and 2, vascular endothelial growth factor (VEGF), and ICAM-1 by synovial fibroblasts, indicating that these vesicles may enhance the destructive activity of these fibroblasts in rheumatoid arthritis [62] .
Tumor growth, metastasis, and angiogenesis and EVs: in a phase I clinical trial, 41 patients with advanced cancer with liver metastasis were treated with intravenous infusion of two doses of bioengineered EVs containing two specific siRNAs against two key proteins involved in the development of cancer cells (VEGF and KSP). The drug (which is bioengineered EVs containing two specific siRNAs against (VEGF and KSP)) was safely administered, and in 11 patients the disease either did not progress or it stabilized after 6 months of treatment, and metastasis to the liver or abdominal lymph glands showed complete regression [63] . Cancer cells can release vesicles containing the Fas-associated death domain, a key adaptor protein that transmits apoptotic signals and becomes lost in many cancer cells [64] .
Neurodegenerative disorders: Parkinson's disease is characterized by intracellular aggregates of α-synuclein, the Lewy bodies, in dopaminergic neurons. Recently it was reported that a-synuclein released from cells overexpressing the protein is efficiently transferred to recipient normal cells through exosomes [65] . Moreover, another member of the synuclein family, γ-synuclein, secreted from neuronal cells into exosomes can be transmitted to glial cells, thus promoting the aggregation of intracellular proteins [66] . Alzheimer's disease is known to be characterized by extracellular aggregates of beta amyloid peptides known as amyloid plaques [67] , exosome-associated-amyloid peptides that may be involved in plaque formation and plays a significant role in the pathogenesis and progression of AD [61] , and tau proteins, which are mainly secreted through exosomes in vitro and in vivo [68] . Beside its safety, renal function did not deteriorate postoperatively in any of these patients, and no adverse or severe adverse events were observed [70] .
Autoimmune disorders and EVs:
it has been recently demonstrated that tethering APO2L/TRAIL to the liposome membrane may substantially reduce synovial hyperplasia and inflammation in rabbit knee joints [71] . It has been recently reported that inappropriate clearance of apoptotic vesicles is considered to be the primary cause of developing systemic autoimmune diseases [72] .
Conclusion
During the past decade, the interest of physicians and molecular biologists in EVs has expanded logarithmically. EVs are abundantly present in body fluids, carry RNAs, and show regulatory functions that represent a perfect tool for early diagnosis of and therapy against a wide range of diseases.
Although the clinical application of EVs remains years away, the significance of their diagnostic and therapeutic potential is not an issue of debate. Deciphering the molecular mechanisms of EV biogenesis and function as well as more accurate and standardized purification methods is required for the implementation of EVs in clinical practice. To help coordinate these enormous challenges, the International Society for Extracellular Vesicles was launched in 2011.
